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Jpn. Pat. Appln. KOKAI Publication No. No. 64-56776 

Filing No.: 62-213817 
Filing Date: August 27, 1987 
Applicant: Inax Corporation 
KOKAI Date: March 3, 1989 
Request for Examination: Not filed 

1 . Title of the Invention 
Heat-resistant Ink for Ink Jet Printers 

2. What is claimed is: 

(1) A heat-resistant ink for ink jet printers, comprising: a glass 
component containing a pigment color, a solvent, a binder and an 
electro-conductive additive, characterized in that a solid matter obtained by 
hydrolysis of a metal alkoxide is blended as the glass component. 

(2) The heat-resistant ink for ink jet printers according to claim 1 , 
characterized in that the colored solid matter obtained by hydrolysis of the metal 
alkoxide is in the form of fine particles having an average particle diameter of 0.6 

pm or less, with a maximum particle diameter of 2|jm or less, and the melting 

point of the fine particles falls within a heat-resistant temperature range of a 
material to be printed. 

(3) A heat-resistant ink for ink jet printers, comprising: a pigment, a 
pigment dispersant, a glass component, a solvent, a binder and an 
electro-conductive additive, characterized in that a solid matter obtained by 
hydrolysis of a metal alkoxide is blended as the glass component. 

(4) The heat-resistant ink for ink jet printers, according to claim 3, 
characterized in that the pigment is in the form of fine particles having an 

average particle diameter of 0.6pm or less, with a maximum particle diameter of 
2pm or less. 

(5) The heat-resistant ink for ink jet printers, according to claim 3, 



Translation of Japanese Document 



Page 2/1 4 



characterized in that the matter obtained by hydrolysis of the metal alkoxide is in 
the form of fine particles having an average particle diameter of 0.6|jm or less, 

with a maximum particle diameter of 2[jm or less, and the melting point of the 

fine particles falls within a heat-resistant temperature range of a material to be 

printed. 

3. Detailed Description of the Invention 
(Field of the Industrial Use) 

The present invention relates to an \nk for ink jet printers, and more 
specifically to an ink composition for ink jet printers, which has an excellent heat 
resisting property. 

(Prior Art) 

Ink jet printers are printers of a non-impact type in which characters and 
figures are printed by jetting ink drops from the nozzle to form ink dots on a 
surface of a sheet to be printed. Ink jet printers can be made small in size, 
generate small driving noise and have a high printing speed. Due to such 
advantages, they are presently used as printers for OA equipments. Further, 
these printers have such advantages that it is possible to print on non-flat 
surfaces and to print in colors, etc., and therefore their usage is expanding. 

In the ink jet printers, the jetting of ink is performed mainly in the 
following systems: 

(a) the continuous system in which ink drops are created by vibrating the 
continuous jet flow of ink; 

(b) the on-demand system in which ink drops are created only when 
necessary by generating the pressure pulse; 

(c) the electrical field control system in which the jetting of ink drops and 
stopping thereof are performed by means of the electrical field; and 

(d) the ink mist system in which ink is atomized and ink mist is controlled 
by ion flow. The properties required for ink for such ink jet printers are 
appropriate viscosity and surface tension for forming normal ink drops, such 
particle diameter and dispersion stability of the coloring agent that do not cause 
clogging in the ink jet nozzle, appropriate electro-conductivity for controlling the 
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ink jetting direction by the electrical field, etc. Thus, as connpared to the ink for 
the conventional impact-type printers, it is necessary to satisfy more conditions. 

There have been proposed a great number of types of inks for ink jet 
printers that satisfy these conditions, and some of them have been already 
developed for actual use. In the beginning, the water-based ink was mainly 
used, but now the solvent-based ink is being developed in order to improve the 
water-resistant property of the printed material, or to be able to print on a 
material other than paper, such as metal, glass or plastic. 

(Problem to be Solved by the Invention) 

However, all of the conventional inks for ink jet printers are of such type 
that dyes or pigments, which serve as coloring agents, are attached to a surface 
of a material to be printed, and here, the heat resistance is not considered at all. 
Therefore, when the printed material is exposed to a high temperature while the 
material is being processed or used for its purpose after being processed, the 
deterioration of the dyes or resin occurs to cause fading, or the decomposition of 
the binder occurs to cause dropping-off of the coloring agent Under these 
circumstances, the conventional inks for Inkjet printers entail such drawback 
that they cannot be used for the printing of materials which are to be exposed to 
high temperatures. 

The present Invention has been proposed as a solution to the 
above-described drawbacks of the prior art techniques, and an object thereof is 
to provide a heat-resistant ink for ink jet printers, which has an excellent 
recognizability and an excellent attachment to the to-be-printed material even if 
the printed material is exposed to such a high temperature that the coloring 
agents and binder blended to the ink are faded or decomposed. 

Another object of the present invention is to provide a heat-resistant ink 
for ink jet printers, which does not cause clogging in the ink jet nozzle of the ink 
jet printer and has an excellent electro-conductivity. 

(Means for Solving the Problem) 

The means of the first invention is an ink for ink jet printers, comprising: 
a glass component having a pigment color, a solvent, a binder and an 
electro-conductive additive, and a solid matter obtained by hydrolysis of a metal 
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alkoxide is blended as the glass component to make a heat-resistant ink. 

The colored solid matter obtained by hydrolysis of the metal alkoxide is 

In the form of fine particles having an average particle diameter of 0.6[jm or less, 

with a maximum particle diameter of 2pm or less, and the melting point of the 

fine particles falls within a heat-resistant temperature range of a material to be 
printed. 

The means of the second invention is an ink for ink jet printers, 
comprising: a pigment, a pigment dispersant, a glass component, a solvent, a 
binder and an electro-conductive additive, and a solid matter obtained by 
hydrolysis of a metal alkoxide is blended as the glass component to make a 
heat-resistant ink. In the second invention, the pigment is in the form of fine 

particles having an average particle diameter of 0.6pm or less, with a maximum 

particle diameter of 2Mm or less. Further, the solid matter obtained by 

hydrolysis of the metal alkoxide is in the form of fine particles having an average 
particle diameter of 0.6pm or less, with a maximum particle diameter of 2pm or 

less, and the melting point of the fine particles falls within a heat-resistant 
temperature range of a material to be printed. 

The ink (ink composition) of the present invention contains, as its basic 
main ingredients, a glass component, a solvent, a binder and an 
electro-conductive additive, and in accordance with necessity, a surfactant, a 
rust inhibitor, etc. may be added thereto. Both of the present inventions are 
characterized in the aspect that a solid matter produced by hydrolysis of a metal 
alkoxide is employed as the glass component. The produced solid matter is of 
such a type that is fused in a glass- 1 ike manner at a high temperature. The 
melting point of the solid matter, though it varies depending on its components, is 

selected to fall within a range of about 400''C to lOOO'^C when used. The solid 

matter is used as an ink component as the matter itself or in the form of sol 
including a solvent prepared to contain the solid matter. Since the solid matter 
is formed by hydrolysis of a metal alkoxide, it is easy to adjust the form of 
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particles by varying the processing conditions for the hydrolysis. Therefore, 
such fine particles that do not block minute pores of the ink jet nozzle of an ink jet 
printer can be obtained reliably. Further, some of the solid matters are 
sufficiently colored to serve as pigments by themselves, and when such a 
colored solid matter is employed, it is not particularly necessary to add a pigment. 
On the other hand, in the case where the solid matter employed is of such a type 
that does not exhibit a color in a sufficient strength, a pigment of such fine 
particles that do not block minute pores of an ink jet nozzle is blended as in the 
conventional technique. Here, it is essential to use fine particles of the glass 
component, that is, fine particles of the solid matter obtained by hydrolysis of the 
metal alkoxide base, of basically such a type having a melting point that does not 
exceeds the heat-resistant temperature of the material to be printed. This is 
because the glass component is fused within the heat-resistant temperature 
range of the material to be printed and thus after cooled down, an adhesion to 
the material to be printed can be imparted. The glass component is 
heat-processed at the melting point of the glass component after printing at room 
temperature. 

However, the melting point of the glass component should not be 
excessively low for the following reason. In the case where the printed material 
is exposed to such an atmosphere of a temperature higher than the melting point 
of the glass component, print dots fuse off or foam to make the printing unclear. 
In order to avoid this, the melting point of the glass component should preferably 
be higher than the heat-resistant temperature required for the printed material, or 

within a difference of 50°C at the lowest. In such case, print dots may partially 

fuse in the atmosphere of the temperature to which the printed material is 
exposed; however they will not reach the point where the print is visually 
disturbed. At room temperature, it restores a clear and solid printed material. 

Examples of the pigment are ordinary types such as listed in Table below, 
and as mentioned above, the pigment is used in the form of fine particles. 

TABLE 
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VVniie 


titanium wnite, zinc wnite, wnite leau 


DlaCK 


iron DiacK, grapnite, caroon oiacK 


red 


cadmium red 


yellow 


Iron oxide yellow, chrome yellow, titanellow 


green 


chrome green, chromium oxide 


blue 


ultramarine blue, Prussian blue, cobalt blue 


purple 


manganese violet 



Since ink jet printers carry out printing by jetting the ink from a nozzle 
with micro-pores having a diameter of, for example, about several tens of 
micrometers, the diameter of the particles of the glass component or pigment is 
particularly considered in order to prevent troubles caused by blocking of the 
nozzle pores. 

Typical examples of the solvent used for the present invention are 
alcohol-based solvents, ether-based solvents, ester-based solvents, 
ketone-based solvents and aromatic-based solvents. In practice, one type or a 
mixture of two or more types of solvents should be prepared in accordance with 
the specification of the Inkjet printer used, and the properties of the material to 
be printed. 

The binder used for the present invention may be any arbitrary type of 
resin that is used in the conventional inks for ink jet printers. However, it is 
preferable that such a type that is soluble to the solvent used in the present 
invention and at the same time, excellent in adhesion with respect to materials 
other than paper, such as metals, glass and ceramics, and in durability should be 
used. Example of such a binder are acryl-based resins, phenol-based resin 
and rosin denatured resins, but the invention is not limited to these. 

The range of blending the ink component to satisfy various conditions as 
an ink for ink jet printer, that is, namely, the nozzle jetting property of the ink, 
adhesion of the ink to a steel plate or the like, the fusion bond of printed matter 
and the recognizability of printed material are approximately as follow. 

That is: 

In the first invention, 
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Glass component 



(1) to (40) parts by weight 
(40) to (97) parts by weight 

(2) to (20) parts by weight 
(0.2) to (5) parts by weight 



Solvent 



Binder 



Electro-conductive additive 



In the second invention, 
Pigment 

Glass component 
Solvent 



(5) to (25) parts by weight 

(1 ) to (35) parts by weight 
(40) to (97) parts by weight 

(2) to (20) parts by weight 



Binder 



Electro-conductive additive (0.2) to (5) parts by weight 
It should be noted that the preferable content of the binder is in a range 
of 2 to 20% by weight with respect to the amount of the ink composition, and the 
optimal amount thereof is decided in the light of the jet stability of the ink jet 
nozzle, the optimal ink dot formability and the like. 
(Operation) 

In the first aspect of the invention, the solid matter obtained by 
hydrolyzed of the metal alkoxide is a colored glass component, and it functions 
as both of a pigment and a fusion bond of ink. 

In the second aspect of the invention, the hydrolyzed solid matter 
obtained by hydrolyzed of the metal alkoxide functions mainly as a fusion bond 
of ink. 

In both aspects of the invention, the hydrolyzed solid matter is in the 
form of fine particles having a sufficiently high heat-resistant temperature and 
suitable for the ink jet nozzle. 

(Examples) 

Examples of the present invention will now be described. It should be 
noted here that the present invention is not limited to the following examples. 
Example 1 

First, a sol of the glass component was prepared. The sol of Example 1 
contained a white solid matter of 10Na2O-20B2O3-10TiO2-60SiO2, which was 
formed in the following steps. 
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That is, ethyl orthosilicate dissolved into ethanol and ammonium water 
dissolved into ethanol (ammonium being equimolar to Si) were heated within a 
predetermined container equipped with a circulating current cooler for 5 hours 
and circulate the current. Then, a predetermined amount of each of metal 
alkoxides of sodium methylate, triethyl borate and titanium tetraisopropoxide 
was added with a respective predetermined amount of ethanol into the container 
and the circulation of current was continued for 2 hours. After a while, a mixture 
solution of water (in amount of molar 3 times as much as that of the alkoxide) 
and ethanol was added thereto and the resultant was cooled down. Then, the 
solution was stirred for 1 hour, and thus a sol in which the white solid matter was 
dispersed (the concentration of the solid matter: 10%, the average particle 

diameter 0.1 pm, and the maximum particle diameter 0.5|jm) was obtained. 

Subsequently, 100 parts by weight of methyl methacrylate and 12 parts 
by weight of azobisisobutyronitrile were mixed into 200 parts by weight of ethyl 
alcohol for polymerization, and thus an acryl resin vanish having an average 
molecular weight of 45000 was obtained. 2 parts by weight of thus obtained 
vanish (acryl-based binder resin), 80 parts by weight of the sol obtained by the 
above-described step and 0.4 parts by weight of lithium nitrate, which would 
serve as the electro-cond uctive additive, were mixed one after another and thus 
an ink having a viscosity of 5.2cp, a surface tension of 25 dyne/cm and specific 

resistance of 8800cm (all values measured at a temperature of 20''C) was 
obtained. 

The thus obtained ink was subjected to printing test on a steel plate 
using an ink jet printer of an electrical charge control mode. The results 
indicated that the jetting property and the adhesion to the steel plate were both 
good, and the printing on the steel plate was clear. After that, the printed 

material was heated in the air at SOO^'C for 30 minutes and cooled down to room 

temperature, but the print dots were completely fusion-bonded onto the steel 
plate and the recognizability was also good. Further, the printed material was 

once again heated to SOO^'C, but the printing was not disturbed. 
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Example 2 

First, a sol of the glass component was prepared. The sol of Example 2 
contained a white solid matter of 35PbO-10Na2O-15B2O3-10TIO2-30SiO2, 

which was formed in the following steps. 

That is, ethyl orthosilicate dissolved into ethanol and ammonium water 
dissolved into ethanol (ammonium being equimolar to Si) were heated within a 
predetermined container equipped with a circulating current cooler for 5 hours 
and circulate the current. 

Next, lead citrate, isopropyialcohol, xylene (sovent) and sodium metal 
were heated for 4 hours to circulate the current. Then, a portion of the thus 
obtained lead isopropoxide was separated. After that, the portion of lead 
isopropoxide, and a predetermined amount of each of metal alkoxides of sodium 
methylate, triethyl borate and titanium tetraisopropoxide was added with a 
respective predetermined amount of ethanol into the container and the 
circulation of current was continued for 2 hours. After a while, a mixture 
solution of water (in amount of molar 3 times as much as that of the alkoxide) 
and ethanol was added thereto and the resultant was cooled down. Then, the 
solution was stirred for 1 hour, and thus a sol in which the white solid matter was 
dispersed (the concentration of the solid matter: 10%, the average particle 

diameter 0.1 jjm, and the maximum particle diameter 0.5|jnn) was obtained. 

Subsequently, as in the case of Example 1 , 2 parts by weight of the 
binder (vanish), 80 parts by weight of the sol obtained by the above-described 
step of Example 2 and 0.4 parts by weight of lithium nitrate, were mixed one after 
another and thus an ink having a viscosity of 3.9cp, a surface tension of 26 

dyne/cm and specific resistance of 780Qcm (all values measured at a 

temperature of 20''C) was obtained. 

The thus obtained ink was subjected to printing test on a steel plate, and 
the results were as excellent as those of Example 1 , and the printing on the steel 

plate was clear. After that, the printed material was heated in the air at 600 °C 
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for 30 minutes and cooled down to room temperature, but the print dots were 
completely fusion-bonded onto the steel plate as in the case of Example 1 and 
the recognizability was also good. Further, the printed material was once again 

heated to 400''C, but the printing was not disturbed. 
Example 3 

First, a sol of the glass component was prepared. The sol of Example 3 
contains a non-colored solid matter of 20Na2O-20B2O3""60SiO2, which was 

formed in the following steps. 

That is, ethyl orthosilicate dissolved into ethanol and ammonium water 
dissolved into ethanol (ammonium being equimolar to Si) were heated within a 
predetermined container equipped with a circulating current cooler for 5 hours 
and circulate the current. Then, a predetermined amount of each of metal 
alkoxides of sodium methylate and triethyl borate was added with a respective 
predetermined amount of ethanol into the container and the circulation of current 
was continued for 2 hours. After a while, a mixture solution of water (in amount 
of molar 3 times as much as that of the alkoxide) and ethanol was added thereto 
and the resultant was cooled down. Then, the solution was stirred for 1 hour, 
and thus a sol in which the white solid matter was dispersed (the concentration 

of the solid matter: 10%, the average particle diameter 0.1pm, and the maximum 

particle diameter 0.5pm) was obtained. 

Subsequently, 20 parts by weight of white pigment powder 
(micro-particle titanium oxide MT-500B (having an average particle diameter of 

about 35pm), manufactured by Teikoku Kakou KK), 0.1 part by weight of pigment 

dispersant (Polyster - A - 1060, negative ion-based surfactant manufactured by 
NOF corporation), 40 parts by weight of the sol obtained by the above-described 
step of Example 3, 0.8 parts by weight of lithium nitrate and 1 5 parts by weight of 
binder (vanish) similar to that used in Example 1 , were mixed one after another 
and thus a white ink having a viscosity of 5.6cp, a surface tension of 22 dyne/cm 

and specific resistance of 720Qcm (all values measured at a temperature of 
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20°C) was obtained. 

The thus obtained ink was subjected to printing test on a steel plate, and 
the results were as excellent as those of Example 1 . After that, the printed 

material was heated in the air at SOC'C for 30 minutes and cooled down to room 

temperature, but the print dots were completely fusion-bonded onto the steel 
plate as in the case of Example 1 and the recognizability was also good. 

Further, the printed material was once again heated to 650°C, but the printing 

was not disturbed. 

Example 4 

First, a sol of the glass component was prepared. The sol of Example 3 
contains a non-colored solid matter of 35PbO-10Na2O~15B2O3-40SiO2, which 

was formed in the following steps. 

That is, ethyl orthosilicate dissolved into ethanol and ammonium water 
dissolved into ethanol (ammonium being equimolarto Si) were heated within a 
predetermined container equipped with a circulating current cooler for 5 hours 
and circulate the current. 

Meanwhile, lead citrate, isopropylalcohol, xylene (sovent) and sodium 
metal were heated for 4 hours to circulate the current. Then, a portion of the 
thus obtained lead isopropoxide was separated. After that, a predetermined 
amount of each of metal alkoxides of lead isopropoxide, sodium methylate and 
triethyl borate was added with a respective predetermined amount of ethanol 
into the container and the circulation of current was continued for 2 hours. After 
a while, a mixture solution of water (in amount of molar 3 times as much as that 
of the alkoxide) and ethanol was added thereto and the resultant was cooled 
down. Then, the solution was stirred for 1 hour, and thus a sol in which the 
white solid matter was dispersed (the concentration of the solid matter: 10%, the 

average particle diameter 0.1 Mm, and the maximum particle diameter 0.5pm) 
was obtained. 

Subsequently, as in Example 3, 20 parts by weight of white pigment 
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powder (micro-particle titanium oxide MT-500B (having an average particle 
diameter of about SSpm), manufactured byTeikoku Kakou KK), 0.1 part by 

weight of pigment dispersant (Polyster- A - 1060, negative ion-based surfactant 
manufactured by NOP corporation), 40 parts by weight of the sol obtained by the 
above-described step of Example 4, 0.8 parts by weight of lithium nitrate and 15 
parts by weight of binder (vanish) similar to that used in Example 1 , were mixed 
one after another and thus a white ink having a viscosity of 4.3cp, a surface 

tension of 23 dyne/cm and specific resistance of SSOQcm (all values measured 

at a temperature of 20°C) was obtained. 

The thus obtained ink was subjected to printing test on an aluminum 
plate, and the results were as excellent as those of Example 1 . After that, the 

printed material was backed in the air at 500^C for 1 hour, the print dots were 

completely fusion-bonded onto the aluminum plate and the recognizability was 
also good. Further, the printed material was once again heated to 400 ""C, but 

the printing was not disturbed. 

Comparative Example 1 

100 parts by weight of methyl methacrylate and 12 parts by weight of 
azobisisobutylnitryl were mixed into 200 parts by weight of ethyl alcohol to cause 
polymerization, and thus an acryl resin vanish having an average molecular 
weight of 45000 was obtained. Then, 30 parts by weight of this vanish, 6 parts 
by weight of yellow dye (Neo-zamboa yellow GG manufactured by BASF), 1 .5 
parts by weight of lithium nitrate and 2 parts by weight of silicon oil (KF-56 
manufactured by Shin Etsu Chemical Co. Ltd.) were added and thus an ink 
having a viscosity of 2.1 cp, a surface tension of 20 dyne/cm and specific 

resistance of 750Qcm (all values measured at a temperature of 20''C) was 
obtained. 

The thus obtained ink was subjected to printing test on a steel plate, and 
the results were as excellent as those of Example 1 . However, if the printed 
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material was heated to 250''C, the print dots were faded and the recognizability 

was very much degraded. At the same time, when the print dots were 
scrubbed with a finger, they were easily erased. 
Comparative Example 2 

5 parts by weight of titanium oxide was mixed using ethanol as a solvent, 
and the resultant was mixed and ground in a pot mill for 48 hours. After that, 

particles of a diameter of 2pm were removed with a filter, and the amount of 

solvent was adjusted. Thus, a coloring dispersant solution having a 
concentration of solid matter of 20% was prepared. To 1 00 parts by weight of 
the coloring dispersant solution, 13 parts by weight of the acryl resin vanish used 
in Example 1 , 1 .5 parts by weight of lithium nitrate and 0.7 parts by weight of 
surfactant (fluorine-based surfactant FC-430 manufactured by Sumitomo 3M 
Limited) were added and thus an ink having a viscosity of 3.2cp, a surface 

tension of 28 dyne/cm and specific resistance of 930Qcm (all values measured 

at a temperature of 20''C) was obtained. 

The thus obtained ink was subjected to printing test on a steel plate, and 
the results were as excellent as those of Example 1 . However, if the printed 

material was heated at 250''C for 30 minutes, the decomposition of the binder 

occurred, and the attachment strength of the print dots were significantly lowered. 
Therefore, the dots drop off easily 

(Advantages of the Invention) 

According to the first aspect of the present invention, a colored solid 
matter obtained by hydrolysis of a metal alkoxide is blended as the glass 
component, and the solid matter obtained by the hydrolysis itself has a function 
of a pigment. 

According to the second aspect of the present invention, a solid matter 
obtained by hydrolysis of a metal alkoxide as the glass component and a 
pigment are blended together, to prepare an ink of a predetermined color. The 
hydrolysis solid matter blended in each of the first and second aspects of the 
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present invention is formed by liydrolysis of a respective metal alkoxide. 
Therefore, by adjusting the processing conditions, the solid matter can be 

prepared in the form of fine particles having an average particle diameter of 0.6iJ 

m or less, with a maximum particle diameter of 2|jm or less. In this manner, it is 

possible to prevent the clogging in the ink jet nozzle of the ink jet printer. 

Further, in both of the first and second aspects of the Invention, the ink to 
be printed on a print material is attached thereto by means of the binder, and the 
ink is attached to the print material as the glass component thereof is 
fusion-bonded thereby by heat treatment. The glass-based component is 
heat-resisting and therefore at a temperature no higher than the melting point of 
the glass component, the recognizability of the print dots does not deteriorates, 
or the dropping off of the print dots does not occur That is, the ink of each of 
the aspects of the invention does not have a problem of clogging in the ink jet 
nozzle of the ink jet printer. At the same time, the ink satisfies the condition of 
electro-conductivity since an electro-conductive additive is blended thereto. 
Thus, the forming of print characters is excellent. Further, the glass-based 
component is added to the ink, and therefore the recognizability of the print and 
the attachment thereof can be maintained excellent even at such a high 
temperature that conventional coloring agents and binders fade and decompose. 

Applicant; IN AX Corporation 
Attorney: Yoshihisa Shimizu 



